The tumor suppressor Rb and the NuRD process of vulval fate specification for these Pn.ps can be conceptually divided into two major sequential steps, and (nucleosome remodeling and histone a Hox gene-mediated cell fusion process plays an impordeacetylation) complex have been implicated in tant role in regulating the responsiveness of Pn.ps to the transcriptional repression during cell cycle vulva-inductive signal (Figure 1 
pathway [16] , also increased the percentage of unfused P3.p cells during L2 (Figure 2b ). Partial loss-of-function mutations in the Ras pathway components that allow the animals to survive but disrupt vulval induction, such as let-23 RTK(sy1) [22] and let-341 SOS(ku231) [23] , were able to suppress the effect imposed by mutations in the class B synMuv genes (Figure 2b and data not shown). However, these mutations did not significantly affect the fusion of P3.p by themselves (Figure 2b) . A partial lossof-function mutation in lin-3 EGF, e1417 [24] , did not affect the fusion by itself either. However, unlike mutations in let-23 RTK and let-341 SOS, lin-3 EGF(e1417) was unable to overcome the effect of synMuv mutations (Figure 2b ). These results indicate that, in addition to inducing the vulval fate during the L3 stage, the RTK/ Ras pathway, but not LIN-3, functions in keeping VPCs unfused during the early larval stages, thus sustaining their potential for vulval induction. This LIN-3-independent activity of the Ras pathway may account for the difference in their abilities to suppress the synMuv pheno-
The major steps and known regulators of vulval fate specification. (a) During L1 and L2 stages, six Pn.p cells (P3.p-P8.p) that express type observed between a lin-3 EGF mutation and those a Hox gene lin-39 remain unfused with the surrounding hypodermis in downstream Ras pathway components (see the Suppleand are competent to adopt the vulval fate. P(1,2,9-11).p fuse to mentary material for further discussion).
the hypodermis and can no longer become a vulval cell. The role of the Ras pathway and the synMuv genes at this specific step has not been characterized and is a subject of this study. 
the fusion of VPCs
The synMuv genes are suggested to counteract Ras activity and prevent
The lin-39 Hox gene plays a requisite role in preventing the vulval fate in the VPCs. lin-39 function is also required during cell fusion between P(3-8).p and hyp7 during L1/L2 larval vulval induction to maintain the responsiveness of the VPCs and stages [12, 13] . We further investigated the epistatic relatheir progeny to the vulva-inductive signal. In wild-type animals, only P(5-7).p are induced to become vulval cells, whereas the other three tionships between the synMuv genes, the RTK/Ras pathVPCs divide once and then fuse with the hypodermis.
way, and lin-39 in controlling the fusion process. We found that the elevated competence in Pn.ps imposed by synMuv mutations, such as lin-15AB(n765), and by let-60 Ras(n1046gf) was overridden by lin-39 mutations (Table 1) . These data 38(n751), did not exhibit evident effects on the fusion of indicate that lin-39 is likely to be a pivotal factor down-P3.p (Figure 2a) To investigate the possibility that synMuv genes repress vulval cell competence by downregulating lin-39 expresThe RTK/Ras pathway is known to be activated at the early L3 stage by the LIN-3 EGF signal [20] to actively sion, we analyzed the vulva-specific expression of lin-39 in synMuv mutants using an integrated lin-39::lacZ reporter, promote the vulval fate in VPCs. We found that let-60 Ras(n1046gf) and lin-1(e1275) (lin-1 encodes an ETS famwhich is weakly but consistently expressed in P5.p-P8.p during L2 [13] . Using an anti-␤-galactosidase antibody to ily transcription factor acting negatively downstream of mpk-1 MAPK [21] ), which cause ectopic activation of the detect the fusion gene product, we scored the frequency Mutations in the synMuv genes and the RTK/ Ras pathway affect the fusion between Pn.ps and hyp7 during L2. In wild-type hermaphrodites, P3.p fuses with hyp7 and consequently loses its competence for vulval induction in about 50% of the animals, whereas P(4-8 See the legend of Figure 2 and the Supplementary material previously isolated alleles, n2110 and n2684 [12] . for methods. lin-39(ku69) bears the same lesion as two Table 2 may reflect an effect upregulating or maintaining lin-39 expression.
of these genes on vulval fate specification that is distinct from the negative synMuv effect (Figure 3 ). To test this Two class A synMuv mutations, lin-8(n111) and lin-15A (RNAi), did not significantly affect the expression of the possibility, we examined the overall level of vulval induction in double mutants between these class B mutations lin-39::lacZ transgene (Table 2) . Consistent with a previous observation that the RTK/Ras pathway upregulates and let-60 Ras(n1046gf) [33, 34] . The let-60 mutation increases vulval induction in P3.p, P4.p, and P8.p to variant lin-39 expression during vulval induction [15] , we found that the let-60 Ras(n1046gf) gain-of-function mutation also levels above the normal 0% and therefore allowed us to test if the synMuv mutations could change the vulval slightly enhanced the expression level of lin-39 during early L2 (Table 2) .
induction level in these cells in either of the two directions, up-or downregulation (Table 3) . In this experiment, we scored the frequency of each VPC adopting the vulval The findings that both synMuv and Ras pathways are involved in regulating the lin-39-mediated Pn.p cell fusion fate during the fourth larval stage (L4), when the vulval induction process and vulval cell divisions are complete. event ( Figure 2 ) and that both pathways control lin-39 expression (Table 2 ) indicate a specific developmental Consistent with our hypothesis (Figure 3) , we observed two different effects on vulval induction associated with event in which these two regulatory pathways interface. In addition, a recent study by Page et al. revealed that the two groups of class B mutations (Table 3) . lin-53 RbAp(n833) and hda-1 HDAC(RNAi) mutations, which mutations in efl-1 E2F and dpl-1 DP caused an elevated level of MAPK activity [29] , which raised the possibility caused an elevated level in both lin-39 expression and the competence of P3.p, led to an increased level of vulval that at least some members of the synMuv pathway counteract the Ras pathway by another unknown mechanism induction during L4. In contrast, mutations in lin-35(n745) and efl-1(RNAi), which resulted in a decrease in lin-39 that might be independent of lin-39. Previously, it has been shown that lin-39 expression is also regulated by a expression but still an elevated level of cell competence in L2, did not cause significant changes in the vulval Wnt-signaling pathway, by LIN-39 itself, and by a zincfinger containing transcription factor SEM-4 during vulval induction level in most VPCs (Table 3) . In a few VPCs, a slightly decreased level of vulval induction was observed fate specification [15, [30] [31] [32] . Further studies are therefore needed to understand how the activities of the synMuv (Table 3) (Table 3) .
Ras mutant background
Previous studies have shown that lin-39 expression correlates with the level of vulval fate specification [15] . ThereThese results indicate that the lin-35 Rb group of class tion of lin-35 Rb to lin-39 expression might be less predominant than its repression on LIN-39-related activity. Thus, the overall cell competence at this stage would be increased in a lin-35 mutant, which is consistent with our observation of a decrease in Pn.p cell fusion during L2 (Figure 3a) . Later during vulval induction at the L3 stage, when lin-39 is expressed and possibly required at a higher level [15] , (Table 3) . Overall, these observations suggest that the dual roles of lin-35/efl-1 in regulating lin-39 or lin-39-related activity that we observed during the L2 stage also apply during the later step of vulval fate specification.
The differential regulation of lin-39 by different class B genes implies that, although these genes cause a common phenotype (Muv in the presence of a class A mutation), they may function in different regulatory mechanisms. At the level of regulating lin-39 expression, the Rb and E2F specification process at a minimum of two different levels. LIN-39 is present and required [15] , the positive contribu- The vulval induction level was scored using DIC Nomarski optics as b p value Ͻ 0.05. previously described [34] . For actual genotypes of synMuv p values were derived from comparing data from let-60(n1046) to mutations, see the Supplementary materials and methods.
those from synMuv; let-60 double mutants. a p value Ͻ 0.001.
